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2jeflE| oJ<* Aj-tLofl JE^S] Hflo^ ojo^ if-tl-Cf. Hflol^ oJ<* tflo) a o V«. oj 

^ ^"HH ^ nm^r ol o]l n] B\ ^ sfl Bio. 

^1^1^ <3<*M rp-^o] ^ o. ^ nj Ei oj<*^ o)| d] e-| 3flfj^ ^Oj*v ^ f2f # 

£ 1 
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^ B^^l^Bl ^ zl afli ^{Bipolar junction transistor and method for 
fabricating the same} 

£ 10 ifl*l £ 14b ^^S] cf-g- ^Al^ofl rcj-s h>o]s.&}- ^tf H€^l^^ tij- 
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1020TOD039897 2004/2/19 
<7> 3.^ ^711 JL^ B^l^Ei ^/5E^ wHS"^ ^ B^^li 

3 3. ^^Cf. S-i #7fl jL^f H^^l^B^, %^5_ ^ ^ 7 fl^A] 

3- ^€ SK£*)1 d^Hf , ^^£7> ^5L7\ ^ ^ ^£7]- m}^ £ 

e^iLcf <H1M^ 7jo] ^-A^ , 0)6]} ^ ^el^-7.>flq^ ^H^l a>-§-*}- aj-oi^el- 
^ H^fl^l^E^ ^el^ wflo)^ 74-g-eV ^^cf 3 ^ ^ oj^ ^ d] mf^ ^ ^ 

<gjl »\}o]+ ^0} ^o>^^ S ^-o. -§-01^^ #^2] ^ oil}. 

<9> o}9\- ^-o] aflol^ ojcrf o. ^5^-*lnflu|-g- m-nVofl ^ ^ a] 7J ^-2:* W>ol^eJ. 
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S^^^ ^oflA-m, «1H^ ^ ^ °fl n l A ^ $H AA ^A^A^rA sfl^t^l 

^^U, o] #E]^El^ sfl^s.^- zj-z]- tifloji £ oflolEi ^d^S *}-8-^. oisq. 

ol ^^SlJL, oj #E^E]^*V Sfl^-g; o^Ei ^O.S.*1 A>-g-*>cf. ^ ^ ^^A^A 

x4H *§^A^ <>lHEi zl ^ ^el^e^ev 3^ f£f AA , 

AA % A^ ^S^l ^3. ^ ^S^ol Z]^ ^Hfl£]o] ol^ z>t]1 

^S* ^"Tfl olSf ^ol cf= ^ ^S, ^ ^2:^ T*33 ^2 

^4 ^ ol^nvol ^zj ^ ^o.^, se^ ^ S}^ ^ 7)}#A ^-n ^ 

3* *r SU^. °1 ^ #51^^^ Sfl^^- -^Sfl ^nlEi 7flS] 

<10> ^. o]=ji^ ^ 7l#^j oflnlEi <^^2f ofinlEi Afo] ^ ^^ofl^ ^> 

^# ^>ol S o]*V S.^ <^5}-7} ^ «>o]l- 
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<12> #7l 7 )^^ 3^3. ^*>7l ^^>^, £ ^2] oj ^^j^ofl tt}-^ «}ol^2} ^ 

^E-lTr, X| 1 S^^Sl 2^*1 #7l XU S*!^ ^^}Ei ^ #Jf°ll tifl^^ XI 2 £ 

Hflol^ cg<*; # 7 J tiflo]^ <3<* iflofl X| 1 SL^^l ofl D ]E^ ^ #7l ofl 

u]Ei ^Hflsjr:^ ^ 5^ fiS <X -?-<X ^1 4| *1 ^ ^ i^}£r 

<13> # 7 ] ^nlEi 9j<3<£| ^ ^2:<4 #7l oflolE^ ^ 5flEiSl 7j^ 3 °] 

<14> # 7 J oflP]Ei ^ Sfl£l^ ofl^eH^ ^ ^#6fl o] gf) nj-^o^ ^ ^ o] a>^-3l§>cf. 

<15> #Al°fl<H| ^o^, #71 aflulEi <3 °4 «Hl <§ # € ^ ^ ^ 2fl^* ^ ^1 ^ °1 

W>^^>Cf. o] 7j #71 ofln)E^ ^ 3JH2£r, #71 *1HE1 ^3 ^ 

22] Xll <HHEi SflBl, ^ #7} Sfl^i $)o\]X\ # 7 ] Xll ^HE^ ^ 4^ ^4 

^51^ cf^^ ^ o[£5i ^fij XI 2 °fl *1 Ei ^ sfl^-i: ^ 5^. 

<16> #71 yflol^ ^<^^, #7l S^jE^ ^ofl *§#^ XI 1 «1H^ ^"71 

vfl5l #Jf <^ °J<*MH #71 XI 1 tiflol^ ^*Kr XI 2 «flol^i <3<*^ 3L#*Hr 5}^3 

ol a^^t}.. °1 3-?- A o V 7l Xll Wfloli efe^ ^ El 3.-7-1 nfl U|^- ^ 5^. 

El^-7»)ul-g- H}^ > ^ El 3-7-1 nfl Ul-g- ^XH>1, ^ El 3-7-1 nfl Ul-g- £ 
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<17> -#71 ofl n) q qq^, #^2] ^€r^, #333 D fl q -g-BJ- £ ^ oj-f-q q^- 

^91 sisM w>^-2j*>q. oi ^ o. qq ^qq qq^, q-q oflqq ^ sj)^ q-q 
tifloi^ qq o_^q #^1- o]^. qqq q^] qs-q q ^ &q. 
<is> q-q oflqq ^ qq^ q^qq ^q^-q, ^^--qqq-g- qq <>1* 

q 4^-qo] %o) q^-q§>q. q q 4. qq qqq sfl^, s^q ^qq « 
^«fl# ti^q*>q. qq qqq qq- q^q ^ ^Bfl^, q-jf 

q- s}jfoflqq ^r^sr ^sl^ mo 18 -i>io 2 o/cm3<y qqqqq. q-q qqq 3 

^- sflBiq Aj.a.^A-^q g-^g. i*io 19 -i>40 22 /cm 3< ?l ?H q^qq-q. 

<i9> ^. ^qc^H) &qq, qq b|o)a qq qq qq^ qi ^qA>qcqq j qq q x qq 
qq^qq o^q^ *lll <#7l *ll*iq q^- qn qq ^qs} ^2 ^5]a}o1e^, 

^ #7l XJ2 -geMHs-^HI ^451^ *fl2 ^ q ^wl^Rr qeJ-qqq. 

<2o> qq ^Bjiq qq^, ^fl 1 si^q jl^s-s. ^siq qqq, q-q -^5: zjqq qq q 
«fl *§33 *fli ^^-i: iMb w>^-qqq. q qq qq 

e1 ^-71 uflq^ qqq ^q^q q-q q^sL ^qq qq* qq ^ 

^-s ^qq qqq q;gq^ *m ^ <r 5*4. q-q 

t^je ^qq qq-fr ^-g-qq qq ji^-s ^qq qq«fl ^^sl^ ^1 ^3 
a. A o v 7l ji^-s ^3 ^ofl q 3 qqA>q = qq, qq ^3 ^elAVoicq^ 

<2i> -s-71 7]^q qq-i- ^qq ^ ^^]^1<H1 4^ «>°l#ef H 

^flq^q^, qi sl^s] ^qq qq ; Aj-q q x £ ^^q ^qq qq A o v«.q tifl q^ 
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^3 a o v_h cgcdofl tg^s} »H 5L*me] ^ #7l 6\)n)B\ <$<*o\) ^ 

<25> ^ *JXHH olo^, #7] ^ 3H1 ^<d^ sflU* ei ^l*Rr ?M 

^^>rf. o| ^ ^-71 ofl Ei ^ 2fl^^, ^>7l oil n] E] ^ ^ 3f 2]^ ^ 
3 *fll ^ 2fl€, ^ # 7 1 Sfl^. #71 *fll ^ 5flE^ 

<26> -AV 7l aflo]^ ^^r, ^"71 iflofl ^1 yflo]^ <*j nf, aV 7 ] ^ajj E ^ eg 

^ iflS] #J=L o^^ cg^^A^ a o V 71 ^ Hflol^ egc*^ ^2 tiflol^ cg^^. ^0) 

tiV^S>Cf. Ol 7§°- ^7] ^ U aflol^ eg<*^ ^^H^ MVnVo^ - o}^ ^ 7 ) ^ 

<27> Aj- 7l ofl Dl Ei <3^£r, ^^^^ ^] E] 3.-^ nfl u| -g-nV ^ o}^-*) ^ 

<28> ^-71 ofl D] Ei <^^^, ^"7] ofl d] E^ ^0_S.^] ^7] Hfl o] ^ <%<*0_g_°] o) 



69-9 



20TO 



1020m)039897 #^ 2004/2/19 

<29> Aj. 7 l oflolE^ ^3^, 3 ^^3.-X>Hq-§- HVnV P£i=. o)^ 

°] tj>^^cf. ol ^ o. ^. 7] ^ 2fl€^-, ^3lo] ^- 

^ gt: ?H wfBJ-^^uf. ^-71 o\) v] e-I ^ sflBl^ ^£ ^wfl^, *}Jf 

^ sfl^^ *>«-o]]a^ lH0 18 -l>10 20 /cm 3 °l 5J°1 «>^*>tq-. zieIjl #7) oil 

*d^ afli^ W^M^ 1-^1- ^51^ l>10 19 -l><L0 22 /cm 3 <y ?M «>#a]*>cf. 

<30> £ ^Alcflofl <&o]*\ t ^7} aflo]^ <^ ^ofl tg^ig a^aHeb^, ^"71 Tfll ^E]A> 

Ol^^ofl o^S}^ ^ 3Xfl^, ^-71 ^ 3fl^i $H ^12 ^elA>olcnv > ^ 

#7l ^12 ^B^WS-SHI <a^£]^r *fl2 ^ SflEi^ c] ^W^Rr ?H W>^*W. 

<31> #7l 7]^^ ^1* ^*}7] £ «1 ^*HH tcf^ WH^S* ^ fj- 

*fll ^ <*H *1 B] £=■ jfl^-g- t§ ^ <5f^ ^-711; ^ Aj-7] yflo]^ 

^^*>fe ^-7^1; ^ #71 cg<^o) 4 v 7] sfl^ 
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<34> Aj- 7 ] Wflol^ o^-fi. ^*>^ #7fl^r, ofl^^ ^ ^ ^-ofl ^ ^ 3 ^-*H ^ -g- wV^- 

<35> oflc^ <8^£r, ^E}#^, ^^S-^Dliq-g-nV pci, ojS-o} iL^- 

. <37> Aj- 7 ] oH^E^ <3<*j.g- *§^Rr #31^, ^71 ofl p) e) ^ 3^ tflofl £]c^ o}i=. ^ 

<38> Aj-7] ojlnlE^ ^ SflB^, ^^^-Xioflul-g- HVnV gc- o] 

<39> Aj- 7 | o]]v]B\ n^Sr, ^rZ\9l ^SLS. ^-tifll- ^^S]^r 

aV^W. O] ^ Aj- 7 j oflnlEi ^ Sfl^o} ^ ^nfl^, §>«-oflAi _o 

^ spfoflA^ ^j=^ l>40 1 8-l>1020/cm37l- ^51^ S}^ ^ oj a>^^uf. zi 

S^Jl Aj.7] oflnlE^ sflEH o} ^"^H^l ^5L^ 1 >40 19 -1 >40 22 /cm 3 7|- ^ ^ 
°1 «>^^cf. 
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<40> £ *UHH 9X°]^, Wfl°l^ ^ ^ ^ #7) ^ sfl^ o}ofl Z}-Z}- ^ 

S^r 2 ^*Kr #7)1; ^ #7l ^> *d9mSr #7l *U -^ElA}o] 

<41> a o V 7 ] mlol^ cgo=|o} o^«. S ig o^ofl tiflo]^ ^ sfli^ ^^Kr #7fl» S.^" 

SKr WV^-^W. °1 ^ Hflo^ SflBi <H * A 0 T. 7 ] oflp lE q ^q- sflig <#6\] z}- 

Z| X|l ^elA>o]cnl- Hi ^ 2 ^5]A}olnuV|. ^ <E>Kr #7l ^1 ^ E] A]^ J= ^ h1 ^ 2 

^^Aj-Ol^oV^. £o§^-g. igA^Kr c}^ ; ^ ^ ^O^-fr #7l 7)] 

1 -^el^fojcnV ^ 2 ^^AVol^DVcHl Z|-Z|- ^5}^ *ll 1 #4* ^ € ^ *f|2 ^ 4€* ^ 

^ t\ s.^ ^ 9X^. #7] «floi^ sfl^ ^^sl€-^M- >M--g-«H 

<42> AV 7l C}^ 7l#^ 52}.7ll# ^*>7} 3)*}^, ^ O} cfs aH^e}- ^ 

^ B^^l^E-lol ^ a o V^ o. ) ^11 ! JE^o} j7^ £ cgoi o^dl ^ £^^o^ 

^ ^ *>TT ^7^1; #71 Hfloli egetfeq c^«. K t£o\] ^ 
ol-M^l oHd]e-1 sflU^- ^<5Rr #711; #71 oflnlEi sflld #^^1 

1- ^#*>^ ^7)1; #7l «HlDlBl 35fl^oH ^#51^ #7l Hflol^ ^cd ^Tg^ SL^i^Sl 

oflclE^ <%<*-§r Cj-Tfl; #7l tiflol^ ol oflclE-1 ^ 3fl ^ ^ofl Z|Z| ^1 ^ 

A}o}^ ^ 7^12 ^SlAfol^^o. zgA^Kr ^711; ^ #71 Tfll ^A}ol<=n}- ^ ^ 2 ^e)A>ol 
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<43> Aj-7l Hflol^ cgctfo} ^ a o V 7 ] of] n] E-) ^ sfl^ ^ f27f ^^^51^- <5}^r 

<44> ^>M«*W ^M^, # 7 ] ^^ E ^ ojcri^ ^§>o^ # 7 ] jgej^ ojo^ 

<45> A o V 7 ] ^! ^^|A>o]crt u] ^ 2 ^e)A>olcm- ^Ajdl Aj- 7 | Al 3 ojc* Aj-W.^] 

<46> aJ- 7 ] oljnjE^ ^ ^ofl # 7 ) ofl E^ sfligoj ^ ^ o] ^ eg 

t#Al 7 l^ ^H-g- ^*H= ^"Tfl; ^ ^71 jxfl^^. oj£- ^01 

*V ^ t^^H . ^71 ^^5L ^^E] ^-f-«H #7) uflo)^ ^ 

^ ^"71 gajEj cgc*^ c^^ Al7l ^ ^ s^o] Jl^i o|crf,o_ tgAj^ Cj-Tl]!- 3 

<48> ^v 7 i Hflo)^ 030*0. ^-^^o^ ^el€-^- ( ^e)€-*HM-§- ^ i&^r o]s 
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<49> #7l ofl ol B] 3fl^^ #^£1 ^e]^^, ^-S-^nHq o- aVnV S£ - 

<50> a o V 7] o\] u] Ei o^-g- ^*Rr #3l*r, #?1 E| ^ dfl^ vflofl £3§s|ol &i=. 

^BjjE] <£^.§- *g#*Kr #31; #7] 7]^-^. ^E^W. <3<* iflofl *fl 2 S^^l tifl 

o]i cg^-i- ^*Kr #31; #7l aflo]^ <^<^^ <g<* a# $H ^€^r 

#31 I Sfl^^l ^^fl ^#5]^ *fll tifl^li <^-g- A oM 

o) QjtL c^crf^ 7]^ Hflol^ ^Q-Z- tg^Z}^ #31 I #7l ^<S# 2fl^ £| °H >H # 

7] Wfloji BflBl^ ^Tg-g- gi=. ^<g^ isflolA-H- ^ # #31; #7l ^<2# ^HA-] 

ofl £1*11 *3<3# ^.tL-g. ^T^M #7l Bflo]^ ^^S] ^1 <^^9] &#^r 

^#^1^1^ #31; #7i tiflo]^ cg^^ ^ <^^o| ^ a^on ^ #71 afloji 

^ ^2:1- ^ oflclE^ ^ 3flBi# ^ *Rr #31; #7l «Hl c l ^ ^ 
^^Itt #71 3U Hflol^ T^H <3<* ^#ofl X| l S^S] ^nlEl <3<*-g- *g#S>^- 

#31; #71 Uflo]^ ^ 4^ ^ o]l D] Ei ^q- 2fl^ #^.oJl Zj-Z^- *f)l ^ElA>o]cnV ^ ^ 2 ^ 
2]AfolcnV|. #31; ^ #71 *f)l i5lAHE?|- ^ XI 2 ^214°1 = D -I1 ^ <^^Sl 

^11 ^ ^ ^12 ^ *§#*Rr #31» f^S. 
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<53> ^AHjcfl <&o\*\, s&7] ^ ^ ^ofl #7l ^ sfl^o] :g 

nflo]^ cgo^cq S ^o. ^^a] 7] n}A 3 sj- afl^-g- ^*Hr #31; 3i *\^3-"-\ sfl^* 

°1£ H-^HJSL tb °l£r ^-§- *H8«H ^71 T^E. zJUjEi cg^^. ^§.*>o} 

Hflol^ 0§<*j ^ #7l JH^JE g^E] ^-fr o^^Al?!^ ^1 JE^S] 

^cgnV jfl^g. $^«^ cjT^l; ^ -*M S.^. ^7} *£<£^ Sfl€ $H 

<55> ^-71 afloj^ cg<*j^ cf^l^, ^]3X]13]^ ^ ^*J-ofl cqsfl ^&)^-*Hu|-g- 

3 7|-^ ^ Sit}. 

<56> AJ.7I oflnlE^ ^^^r, ^E)^, ^ E] ^-7-H u| -g-^ 2L^- o]S-o| 

<57> Aj- 7 ] oflnjE^ ^ 3flH}£. 7^o] ^^Efl^ ^ Wj-tt^ A>-g-§H ^ *Rr 3 °1 «>U"2| 

<58> Aj-71 oflDlEi <^-g- *g^*Hr #7^, ^"71 oil n) B\ ^ iflofl £^5]^ flfe ^ 
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<59> 6\]u)B\ ^ sflU^, ^el^^, M^^l wVn| ^i=. o] 

<60> Aj- 7l o)]u)&\ ^ Sfl^, y oH^3L ^51 ^Bflf 

^ sflifi^ *>«.oilA^ ^5L^ l)40 1 8-l)40 20 /cm37}- is}^ zl 

s^Jl ^71 oiiojE^ ^M^H^l l^O^-lXLO 22 /™^ ^ ^ 

<61> ^Al^ofl ^7} aflol^i ^ ^ E| SflBi iflofl Z}-z|- 1 ^ 

^-■ir S^r ^*Hr #31; ^ #7) ^i^sv^ ^<5}-a} AV 7 j ^ ^e)A>o) 

<62> t£*)- ^7) M\)o]+ ^ js%B]0- ^el^&l^evo- A}-g-S>c*} 3} o] wi-e^ ^4 . 

<63> ol*> ^J=L i£^^ wV^cq Hf^^. ^AHU- ^^.7}^ ^ ^ 

siM-, ^JaHIs-^ 7^1 t^-s. ^EflS. ^ -g- 1^2] ^7} o}sfl 

<64> £ 1-^ ^ ^li ^aHH 14^ ti)-ol§e|- ^ e^^]^ e ^ ufB}-^ ^£0] 
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£ 1-g- <#7] qq#q- ^ B^l^EiUOO)^, 31^2\ A}1 51*1^ , ofl^cfl 

geqe] ^^(102)^- if-^q. °1 ^mt] ^(102)^ ^51 ^l}, 

2^ t5L^ $H ^€ t-£ &q. n +i§ <3<*(102) $H^r ^^-5L^ *fli £.£ 

^, ^lS^ n"^ ^^El ^(104)°] tifl^l^^. n"^ ^q <3<*(104)£r =L g.^ -^^H 
db*} 31*11 ^Bjti. cg«^. i^q n -^ ^Ujq ^^(104) $Hfe 

*Hl tifloli «8^(112)ol *f|l ^(112)^ ^-^^ ^q S| ^01711+ H 

tt ^q ^e|^-^nfliJ|-§- ^olrf. H^r ^"71 afll aflo]^ °§<*Kll2)^r ^ 

e1€-^ '-^^-^iM-g- q-q-q ^51 &q-. X] i yflo]>, <3q(ii2)o] ^ 

e1^ V (106)l- A r °l^ ^E]ti. c^^oflA^ ^«qq <g^(104) ^ *lU wlH^ <8^(112)°1 3] 

afll tiflol^ ^^(112)4 n + ^ <3q(102)£r n"^ ^3]^ ^(104)^ #-f-*Kr n + 

% <8e?(136HI q*fl £^€3-. °1 ^^(136)^- ?flqq (carrier) q%>* 

^iLS.*| i^-q 7] Jl41- ^tr^. °] *H ^q ^^(104)21 

^ ^^l^ XI 2 wfloli ^^(138)^1 ^^€i=f. *fll ^^(112)3f *fl2 wlM-h 

(138)£: 2-¥ ^12 51*1^, ^]?irfl p ^q #^q. afll «1H^ <gq(112)q ^ <^ 

^-AVofl ^sfl °>#^^1^- oflqq <8^(ii6)oi Hfl^l^q. q^ ^«(ii6)^ 
^ ^2i^ X]i tiflo]^ <3<2Uii2)-4 ^^^>q. Xli uflol^ ^^(H2)oi ^q€-*HM-§- ^1 

^ ^ ^21 ^ 4^"^ ^-f , ^liqEi ^^(116)^- # 

69-17 



1020W0039897 #^ <H*>: 2004/2/19 

<67> ^V^. H}^ » 108 " ^ "H0"^r 4^ 4€ ^ ^eJ^BV 2flH^Cf. ^Jf-ofl 44 

A i ^3^4 afl^UlO)^ ^£ 5tU, H^r 3^(108) * ^£^4 3|]Ei(iio) a.^ 

91k)-. ^$4 eh (no) cflAjoll ^<£4 31] ^ (108) 2}- ^ 44 ^4-fr 5Hr 4€- 
1:^4* 4"§-§ ^-E &4. *i<34 3flei(i08) ^ ^5^4 3fl€(110)^ A>-g-o.s. o^H, wfl 

^ ^"g-^ ^>7f ^0>^Ai oil 4 3 ^4^1 4^S4. 
<68> <$7] <>1H4 ^^(116) SHItt ^4 °fl*14 ^ sfl€(118)ol ^§^4. 

<&tt «V4 n+*§ <H14^ ^(116)^ *)|1 «1H^ <34(112H nflsfl o]^- ^og ^. 

r'JsWi}, ofl D ]Ei ^ 3^^(118) o.S-^-B] ^ ^-a>o|] ol§l] ni t ol7]n Si 

^ ^ ^2:^ *fil «1Mi ^^(112)4 ^44. ^ <HH4 <3^(116)£r, afll wflo]^ 

^(112)4 ^o) t ofl^cfl oflslHfl^ 3.^3 ^^-ofl o^^fl nys.^ ^ oi^ f 2 f #i=. 

4. rcf^Ai Aj-jr 33 ^#4^ $1^ <3^(116) ^ <H144 3^(118)^ 3. 

¥ ^3.4 ^ 7j-4^, ^ajjL^ cflnlEi <3<*(116) ^ °1)43 

^ *«€(118) 711^ oil ^ ol^Ojg. ol^V o]l-^nVol ^714 e>7ll £4. SE^ 

^4 ^44 ^cfl^cf. 
<69> c])u)b] ^ si] EH (118) vfl4 i-5^r ^l^r, ^-«fl (gradi ent )» 7>^ 

^£514. ol ^ o. o)] ^ uflEj(ll 8 )^ ^w-ollx^ Aj-cfl^ _o S 7^£olj7 Aj-«.oflA^ 

Jl^£7> tF4. 
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^ Xm(118)^ ^Jf^o} ^£Sr ^-5L^ tflef 1>10 18 -1>4020/ cm 3 °M , ^tL^o} 
1-^1- cfl§f l>10 19 -l>10 22 /cm3olcf. ^-71 oflolE^ 2flBi(i 18 )^ <x&| *g#o. 

S. ^ SUr^l, -& ^Al^oflA^ <g aflj^ »T»7> SHfEf. 4^ # 

^ Jfl€ (118)^1 XU «1H^ ^^(112)4 ^ o]^^^cil, 3fl^(114)ol ZL 

cHln]Ei ^ 3fl^(118) ^ 3fl^(114)^ ^ofli=. ;go^ iXH*l 

(120)7> tifl^l^Cf. XU Hi] o)^ cg«(H2) ^ oflplE^ ^ 5fl^(H8) $H*r Z]-Z]- X| 1 ^E]A> 

ol = «Kl22) ^ Xl2 ^elA>o)cni- (1 24)o] tifl^l^cf. XU ^s] Afo] c ^(122) ^ Xl2 -ge^M 
= ^"(124)-8- £t* 7 D ^f ^sfl ^l-^^lcf. ^ ^% Vo l ^ -g-g- £ 

°HH^ ^SL XU ^e)A>o} = ^.(i22) ^ XI 2 ^e)AH-=^( 124)^8: 

128)^.5. XU ^4? Xl€(130) ^ Xl2 ^ 2fl€(132)^r ^^^"(128)^ 

4-§-*H A 7 A A\ ^s]a>o1cdV (12 2) ^ X]2 ^e)A>ol = nV (1 24)ofl ^U^tf. 

^ #7l XU 3fl^(i30) ^ X12 ^ ^11(132)51- o] 3 ^^5]^ XI 3 #4? 

4€(134)£r ^(102)4 #713 0.5. <g^^cf. ^ ^3.(sink)(140)7> 

^-^^-(106) ^ n-^ <3<*(104)^ 4**H ^e] <3<* (102)4 ^^tj-. 

^H(140) S^ofl^ Xl3 ^A>olT=tn. (1 2 6 )o] ^^^cf. o] xl3 ^e)A>o] JEL*}-(126) XU 
^ X]2 ^^A>olc^ (122> 124)4 °>^7l-^5. Td^j 7^ ^tb 3J°14. *fl3 ^E)A>ol = 

^(126) -8- ^^^-(128)^- XI 3 ^ ^^(134)^1 33 ?i^^4. 

-£ 2^ XI 2 ^Al^ofl 4=. 401^5}- ^ H^^l^Eil- ufEfm ^.ol ^ig£ol 

A. £ 2ofl^ £ 14- -f-^tb -g-^tt -S-^l- M-Ef\fl4. ^aHHI af^ u>ol§ 

H^^l^El^ i 1^- %i-S*>^ «>°l#El- B^liEi<4 cfl^ f^sH, 
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r£x] o^lEi 2flBd<2] ^L^uy ^Vo|s>rf. n^-eH 

£ 2* , ofl ofl 4^ w>o)§^ ^ H^liB] (200)3 ^H^l ^i^- sfl^i 

£3 3*fl o] ^ ^ ^S] ^ 

d]) ^-^9] oflulEi (118)4 7-2: amorphous) 

^3 *fl2 oflolEi ^ ^^(119)^ i^cx} ^^cf. ^ OjjDlE^ ^ 

^(118)^ afloli 33 ^el^nV ^ ^^^_^u)lu)^- al-nVo]c]-. ^ 2 

oflnlEi ^^(119)-g- ^<33" 3flli(114) 33 ^el^El^sV, oJ-S.^^ ^e)^, ^El^El 

^Wl- D 4 ^ °}2.2.^ ^e]^-^Dflu|^-Di-olrf. cf^^ oflpiE| ^ <3<* 

(118)^, S>^3 ^nlEl ^(116)4 #-!f3 ^2 ^s} Afo] c ^(124) A>o]ofl afl A] s| c-fl , 

*Pf3 <HHe1 ^^(116)4 ^-3 ^2 ^e) -4 01 = ^(124) oil 33 ^€3". 

M- ^2: Stt -=^3 ^2 oflnjEl ^ ^^(119)-^ -#-^3 *\)2 ^51a>o]je.^- 

(124)3^7 ^ 9X^, *r^3 cHlnjE] <g*j(116)3-*r 33 ?i^33 ^cf. ^ 

^12 oflulEi ^ ^(119)3- ^H^l <g*Hll6) ^o]^^ ^c^nV sflBl(114)ol 7fl^^Cf. 

-^HH 3-^ 3-o]#E}- ^f]- B^3^3 (200)3 ^-f ^11 ^HH 3^ w>°l#Sr 3 
^- H $3^3 (100)3" «>*!;7>*l3., ?22] «1133 <3<*(H6)-4 ^3 A)\ 

°fi33 ^ <3 3 (118)3 33 ^#s)E£, ^]^<^]^3 s.^ ^^. 7 ]. ^-Aj^j ^cf. 

^ 3^ ^ 1^3 ^3 ^Al^ofl 4= 33 #3 ^tf B€3^El» M-Efvfl ^"^iol 

3-. £ 3<H]3 £ 13f -g-^*}. %v s ^-^?V iE^r M-Ef\flcf. ^ 0 ^tr 
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<74> J£ 3^r *)U ^^(112) tifloji ^ 3flli(204H Hfl^l^Cf. «fl 

o]i ^ 3fltti(204)-£- *|]1 afloji ^^(112)4 -&°d*V Z.#f§<>) ol-g-s.^. t^s} 

^ sfl £1(130)-^ ^ ^ ^.g. ^fli ^^Aj-ol^nV( 12 2)^. aflo)^ ^ 2flE^(204) X 

<75> oflDlE] <^^(116)^: ^<£^ 5fl^(202)^l °\n ±^S\±r$) , *\}o}+ 3^(204) 

^ t&^tt 5fl€(202)^ S^^l <£^t}. ol Hflo)^ ^ sfl^(204)£) 

^ ^<g^ 3fl€(206)ol ^^^Cf. ^nl- 2fl^(202) aflo]^ ^1^- 

2flifi(204) ^ ^<^BV 3flEi(206) ^°fl^r ;g<£^ o] *| (208)7> =l£\JL ^<£^ 

sfl^-i-(202 ) 206) ^ ^5flol^(208)<H] S]*fl ^ * ^H^r °f| p l £") ^ sJHJ 

« 

(118)ol a)-sfAi oflDlE^ ^q- 3fl^(H8)^ tifloli ^ 2flli(204)^r ^<2^ 3fl^s. 

(202, 206) ^ ^<3^ ^*1H*|(208H1 ^*fl ^^JlS #2. -Srem^. ^n]Ei ^ 2)]^ 
(118)£r oflD]E^ ^^(ii6)3f S^tVcf. oflojEi ^ sim(118)£] ^ ^Stt ^ 

^ ^Sojcf. ^DlE-1 <3<*(116)°1 #£3) ^-2i°}E-3,, ^l^El ^^(116)^ <HMe1 

^ 4^(118)-^ 2.^ ^21 *1 Bi *d^ 3fl€(118)^r ^ 

<76> -S. ^Al^jo]] tq-s. ti]-o]^E} ^ H ^1^(300) oflujEi ^ ^fl 

€(118)^ £ 2-1- ^^t!" ^ oflDjEi 2fl 7 >^ ^JE oicf. ^ 

3fl^(ii8)^ ( oflsl^^ ^^J- ^ofl «>l-^^icf. ol oji^Ei ^d^- 3fl€ 

^, ^>-¥- ^"^^ ^-S^ ^1 <H1 *1 B] ^ °mai8)s\- np-3: SEfe 
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oVS-^i(amorphous) ^Sl^\ *fl2 o\]v]t~\ ^ <3 ^ (119)-i: It^°] ^^1^-. ^ «1H^ ^ 
^ ^S. ^#*Rr m <Hl*lEi ^ ^^(118)^ iE^ ^iM^-*HM-§- 

«VnVo) 5)37, ^cgnV sfl^(H 4 ) ^ S #*>^ ^ 2 ofl o] b] ^ ^^(119)^ #E]^E]^, 

(124HI 3]^ ^£4. 

<77> £ 4 ifl^) E 9^ ^ <a ^HH W"^ tiH^E}- ^ B^l^E^ «o V ^* 

<78> ^ c m ^f,}^, ^BjjE^ <^^(102) n-^ ^^Ei ^^(104)* ^th=K 

oj-EfH n +i§ <3^(102)£r *V£3l 71^(^1^) o^ofl i§a^ ^ ojcj. rf 

^1 n"^ 233] El ^(104)^ ^ofl i7} ^-^^(106)* ^E]w. ^ 

°] ^\ ^-^^-(106)-^ H^l^l ^Efl<^ ^5. 91 JL, SiELi(L0C0S)H ^JE 

t}-g-°fl ^> «-^nv (106 ) ^ n -t§ eg ^(104)^ ^-f-^H ^^(102)^1 ^ 

3^ ^3. <3<*(140)# °1 ^3. ^^(140)^, <^m^ ^7] n + *8 

^3 ^^(140)^1 -^--g-nV ^#^1 71^ D} i3 ?V 5fl^(nl£Al)^- ^^^ J1> C] pfi^5V 

<79> Cf^-ofl £ 5* %2i^, i4 -§^^(106 HI 2]i?i\ ^S\^ OA E]y. <3<*o] 
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^#^1 ?1tt 5fl^(i08) ^ -gal^ sfl€(110)* ^<2^ sfl€(108) 

^tfl l£Efl7|AE5|- x]Ej^ zlsIji o] iSsfl^l^H^- *m^r ^ v}+3_3- *V 

^#^1 ?1tT 3fl€(108) ^ ^^^-^ 2flEi(110)-g; ^^*VC}. Alz^- ^OJ^ 

^Al Alz}- A>-g-^- %U, S^r £^ « 0 ^* ^>-§-^ ^S. 5^. 

<80> oflB|y. cg^ol ^#5}^, ^ofl «1H^ ^^(112)# O] X| 1 Hflol^ ^ 

^(112)^ aflSj^AJ A)-g-*H ^^W. *fll *1M^ ^(112) *i<3 

^ 3fl^(108) ^ ^51^ 2}) EH (110) ^ojc o] =c^^ XU tiflol^, <^<*(112)^ # 

aflo]^ ^^(112)-^ Aj^^.^^q o. yvn^-ji}. cj^^ ^&)^-g- 2.^- i^-*Rr 

^2:<H ^5. $X^. m «1M^ ^^(112)01 ^e)^-*Hu|-g- c] 

*JS^-*Hu|-g- «VnV^ Aj^S A] — ^ , ^3#-*HM-g- ^Xl°H, Aj^^^^u) o. 

<8i> cf^-ofl £ 6-i- XI 1 yfloji <^^(112) *£<£n 3fl€(113)# ^^t-Vcf. o] 

^<gnV BflEjdlS)^ o1]n]E^ <^^o) n]-Sc>|^ Xll «fl ^1 ^ ^^(112) tfl^l ^ ^^0] ^ 

^"71 *i<£i=* sfl^(113)^: M^}7) $)$\*\, ^ afloli <^^(112) ^ofl ^<g^ 
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2r:# ^* ^}7]^. *IMi ^(112)^ <^«L x^a] 

3fl€(113H ^Ir^^lcf. tf-g-ofl -g,Aj-o} ol^- ^ol ^^ofl o)^ n -^ ^aiEi <3 
^(104) vflofl <^^(136)* ^*VcK ^3^r <>1£:*°1 *fll *1H^: ^^(112)* 

n"^ <3*)(104) tflofl 3^ tr_o^ ^ ^oi oflui^ll- ^^tb 

^fl °fl 'H ^« «A7> 5U^. A <M <^(136)^ ^e) ^ 

^€ SU^. c^l^cfl ^1 Hflo]^ ^Q^(112)^- nVl-7] ^ 3SflBi(108) ^ 

^ 3^^(110)^1 ^«fl ^^O] ^#£1^ Ol^ ^ElHH Sfl^-g- 

o] nj-^^nV jjflE^ o]^- ^ol D }A 3S *V o}£- ^ clef. 

nf-g-ofl £ 71- #2:*>^, *fll tf\o)^ ^^(112) ^ ^(113) $H oflnl 

3 €^-^(117)# ^^W. =LB\5L oflnjEi €^(117) $H 7}±. ±f%% *&X\i5}7) ^ 
^(119)*, ofl^tfl AV^nl- £ ^ A>-g-*H ^^^-Cf. >^7l oflnlEi 3^(117)^: 

*1£r, Cfl^ 900°C X^^H ^ ^gofl o^Sfl ^^*Vcf. ofl 

DjEi ^*Kll7) A^^r ^-2:^ ^E}-S°V, ^2:2] ^E)^-*HM-§- ul-nV tc;^ 

°llr^ 4^^ V A5. ^ Slcf. ^lolEi ^^-^-(117)^ IE.3l^* ^£.*}7) ^ w o v ^ 

o]^- -cy n ^ ol^-i-^- -oj^ 

H o^* ^-g-^ ^ 5i^. <>H «o^# AV^cjel-s. ^^-^(117) tflofl^ 

1- °l^r 0 ] ^"Bfl7> ^Cf. o] ^-EfloflA^ o)^o] <g^E] 
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% ^ W. ^1 °1 El 31^(117) ifls] lr^# ol^-s.^. aflo]^ cg^(H2) 

^-^VJl, ^M^i ^^-^-(117)2}- ^*Rr aflo]^ ^^(112) ifloi]^- 

E-1 ^^(116)ol nj-l-ol^lnf. ^ oflulEi ^^(117) vflo] zp. Bfl# 7M7 ,i ^ 

I>i0 18 -l>i0 20 /cm 3 7}- SIS. ^>zi ( ^MH^l ^-5=^ l>10 19 -l>40 22 /cm 3 7}- 3 5=^- 

^#^^1^ D l E"l <^(116)^ *fll wfloji <g^(H2)Sl tfJji- <^ 

£ 8# ^#(119)^ n>^3.nj- 3fl^(nl^A])-g- 7fl 

^(119) ^^^nf. zz.e)jL o] d>^3^- sfl^# ^ Dfiai tb ^ -^^-1: 

°i , ^#(119) ^ ^1 Ei ^^(117)-g- ^Ho.S ^l7i*Vcf. ^-si^ ^^Rr 

oflDlEl ^^(116)^1 ^#5->i 11^^" 3fl€(114) $H «fl*]Sl*r cflnlEi ^ sfllg 

(118)°1 °V#<H^1^. oflnlEi ^ 3fl^(118)ol *§^£\i& +\?-\ v}^3.3. A>-g-^l- ^ 
-|- ^-f^l a o V 7 ] oflu]^ ^ jtflEidlS)^ cf^- a o V^l;# A]~g-l5>a} ^X|Z] 

^5. 9X^. ^m^fl -£ 79] ^^fl- ^-Eflofl^l ^^-2). ^i}- olcf. ^ ^^nV 5fl 

^(113)^ S^c] nfl^l 3§E^2). ^^*>^ £ 8^1 ^ ^ulE-1 ^ 
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^ all €(118)ol ^-I-^tf. °] ^°_3_±r 7]?\}^ ^^(CMP; Chemical 

Mechanical Polishing) ^>-§-tb^. 

4ia D -l- sfl^ ^z^- *v ^ ii^r ^^#di9) ^ ^<£^ 

a)l€(113)-g- ^171*!-^. ^ ^ °1M^ ^ a|)^(118) Wfloji «^^(112) 

^ <>1H^ ^ 20^(118) ^^ofl ^<3^ ^3llol^^.(i20)^: ^t^. 4^-°ll °1£- ^ 
^ ^*8^H «1H^ ^^(112)^1 ^4 ^s}^- 2}^Ei °J^(104) ^ 

«H *fl2 all °1^ ^^(138)# o] wflo]^ oJ°3(i38)^ ;e*}^o. ^ ^)o}^ ^ 

^(112)51 £^^31- ^^sr>Cf. ^-f^l ttj-eH ^1-71 ^12 tiH^li ojo^g)^. ^> 7 | ^o^^ 

^^^1-ji, oi av^a.^ 3fl€* "lias t!- ^ *r<8*M *U <8^(ii2), 

^el^-5| 3xfl£i(iio) ^ ajoj^ afl€(l08)Sl ^l7l«Vul-. o^H ^£ 

^ n + ^ ^3 140)^8- m^l ^MW. A o v 7l ^^ofl oi^fl n +*g 

^3. ^^(140)^ a^^r n + ^ ^3 (140)^1 S^* ^#^1^1 -f ^ n> 

ias 3fl€^r ^Titvci-. nsiJi ^i^ofl ^n|, ofl^tfl t^Ef^ 21^ 

H^M: ^^*>J1, 1*1 3 1" ^r*S*H Hlloji oj^ (n2 ) ^ *fll ^slA>ol = 

^-(122), ^ 3flE4(118) 3)2] 7\]2 ^^}o)^(124) ^ n + ^ ^3. 
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<3 3(140) fls) ^13 ^eW°lS.^(126)* ^*°H A oM <I*i5H o}^ 

^ ^* ^11 ^2l^H-E.^-(122), ^12 ^e)A>olco^ (124 ) ^ ^3 ^^A>ol = nV 

(126)^ K^^r ^ ^1 ^em ^(ui), ^(i 42 ) ^ *fl3 ^ 

(143)* cf-S-<^l *1U ^ #(141), ^12 ?m #(142) ^ ^13 ^ #(143)°1 ^ 

£ 1<H1 5=a13 y>^- ^-o] ; =.4* sfl &K130), all 2 ^(132) ^ ^13 #^ 3flH(134)* 

<87> £ 10 ifl*] £ 14^ £ ^^l 4^ «M#2}- ^ E^^j^E^ ^ s h 0 > 

<88> tr 10* %^£<5}^, £ 5«fl ti>fif £0} ^1 wfloli ^^(112)* ip:ofl ( 

^11 yflo]^ ^^(112) $H sfl^i(202)* ^th}. °1 sflEi(202)^r S 

^ ^SJ-SV* Aj-g-SH *r 5^. afll tffloji <g« (112)5] <H^f ^<3^ 3fl€ 

(202)oll Sl^fl gol^c-fl, afl! mio]^ ^^(112) oflplEi <33(*1-£*1) Jf«-o] 
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*RrHl, o] ^h^b^^ ^aj. ^ A )oH aflol^ <3<*(112)4 ^.o^ s^^o^ ^ # ol^ 
1-8- ^ 5£4. #3^3^ 3^*H oi^s.^- i^A] ^-^ofl^, 

*>3°-S sflEi(202)sl <H-^ ^#^1 wfl^i ^ ^ 

(204) ^ 5fl^i(206)ol ^o^tj-. 

<89> c^-g-oil £ n^- ^^Tg ; aflo]^ ^ sfl^(204) ^ 3zfli£(206) ^ofl , 

^]°}*\ A}-§-*}^ ;go^ ^1<>H(208)-I- ^^W. °1 ^o^^ ^3jH^(208) 

- o)o]A] nVl-cH^ o\] v] E] ^ 3HEH^ tifloli ^ 3flEi(204)^: ^7l^AS. -^^M 7} 7} 

^o]cf. ^<£^ ^ o}*\ (208)5.^ AVsj-nV/^^ol- Aj-^nV/^s^^^o} cf^s|o_ 

S *r ^ ev^^r AV-g-^xl^ cx^Jf^ ^<g^ ^3flolAi^-(208)^ 

^4 ^1 ^€(202)^ ^z}- ^ehwIo]] tr}-e^ ^^^cf. t^ofl .f-Aj-cq o]^ ^qj 

^cHl ^^fl n-^ ^^Bi <3<*!(104) ^^(136)* ^tb*}. °1£- 

l-ol nflol^ ^^(112)1- ^-f-SH n"^ ^^(104) ifl<*H 
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£ o-aL ^ <^1M^1» -S3* #bW*1 °1^t ^t°J ^« €-S.7> ^cf. ^ 

-fofl #71 <^(136)£- Die] ^S. %<cf. cfl^tfl *fll aflo]^ cg^( 112 )^- 

^1-71 *l, ^ ^oj^ 3flBj(i08) ^ ^e|^ev 3ifl^i(iio)ofl o}*fl ojjB] tL S^^l 

t> °l-°r ^"ir ^r*S«- ^£ Xlcf. °1 ^ ^-c}]^ o]-^ ^01 ^ofl o}*V c-flnl^S 

"T"^"l *fl°l^ (112)61 7>-B-l-cf^ ol^ol 0^4. si^r iall ol^(208)$ 

71 *H1 n + *§ ^(136) ^tt °l-8r ^« 5U^. 

<90> cf-i-ofl J£ 12* #3t«^, ^<£a£ ^5jlol^nV(208)^ 3] «fl ^#5}^ sfl^(202)# 

^T^H uflo]^ ?J°=j(112)£| ^ jBL^*1 in#£)5L^- t^. a}^ ^o] , ^ 

^3flolAinv ( 208)1- ^«Hr M3.*l £o|^ sfl^(202)4 ^ # 

-3-^3*1 &tt4. ^°11 ^"71 5i#^ *fll tifloji ^^(112), £<&*t afl€(206) £ ^91^ 
^1°H(208) °fl c l E i ^^-^(117)^- zlbJ\jl oflulEl #^(117) $H 7f>i 

^l^l 39^^(119)*, ofl^tfl gcfa. ^^nV^. A}-§-<5H <§ ^ t^. 

<91> 6\]u)B\ ^^-^(117)-^ *\-&, ofl^cfl tflef 900 °C o] ^ 7-]^H ^5]^ ofl^^ 

it ^<H slafl S^^tf. °H D 1^1 ^^"^-(117) 6.5. ^el^, 
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^ ^ 91^-. 4MB] €^(117)^ lE^^g- ^*>7l ^tb ^ o^Itt, <W3ii 

°H w o V ^* A>^V^^£ oflclEi #^(117) MH^- n ^ ^l^ol -og^ ^-Efl 7 > 

^1^-. °1 ^ofl*! ^-av^. cq^ ^.g. ^*Vcf. zle^ o^lol 

^ ^^-^(117) xfl^ o^s-^- *ll 1 wflo]>i <^(112) ^KH^, 

117)54 ^*Rr ^11 wfloji <g "3(112) vflo]]i=. ^l^E^ ^« (116)0] 

^l-^^lcf. o\]v]b\ #^(117) iflSl lr^# ^SL^r 7>^l7fl ^ ^51 §icf. o] 

117H1 ^ ^£ ^wfl^, *HHH ^3-°-^ ^^-Solji ^*o\] 

*\ ^"tfl^^-S Jl^£7} *Vcf. afl^cfl ^Jf^s] i^^Sr ^5L^ lxL0 18 -l>10 20 /cm 3 7} 

^£ sl-Jl, A o VJ f°fl^1^ ^5L^r l><L0 19 -l)40 22 /cm 3 7} «Vcf. 

#7] °)1 *1 ^^(116) ^ *1]1 wflol^ ^(112)^ S-^^ cfl- ^ 

£3 ^ rt^o]5|^- Af^^ ^ *fll ^^(112)ol ^-TJ^ ^el^-nv 

^)^E^ °j^(116) a*> ^^^n|o]cf . D>^>7>^1S *fll Hfloj^ <3<*( 112 )ol 

*2b^-*HM-§- «>^-oi^ ( oflpiEi <3^(116) Stb ^3 -^e^-TH^-g- ^ 
ojcf. ^ #^-(117)^ g rt^^. oflp)Ei <£^(116)°1 c^Tg 

^ *j ^oj7H ^*fl ^ <33(116)°1 ^eisnvoi 

Cf^ofl <^nlEi oj^ (116)^1 ^el^-T^Dflq^- HVnVol ^ o. f o|] o| E-| 

^^-(117)£ <^1^^^ -§-^-8: ^V-g-^H ^El^-^nijq^- HVovo.^ 

tJ-Cf. o) ^El^-^Dflu)^- HV^-o. 7]-^ ^]«. ^ Si^cfl, oflSAi ^ 
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% 2004/2/19 



£ 131- % V ^>^, ^^#(119)^ <aj^-# ^#A]7l^ n}i3 D -l" sflUHiEAl)^- 
^#(119) <8^£4. o] p>i 3 nv 3xfl^^- ^zj- *V ^ 

^#(119) ^ <H]nlEi ^^(117)^ ^Hj^s. ^Tiniq-. nei^ H-¥-tt n+ 

% «gq(116H ^ ^#*>31 ^^ev ^^(206) $H *fl*13fe- oflnjE^ 3fl 

^(118)^1 ^-i-^^lcf. eflnlEl ^ sfl^(118)ol ^^S)^ *JzJ- cfiHS ^-g-^V Dfia^ 3fl 

^ ^£ afl^tfl £ 12^ ^J^# ^EfloflAi 3^$. ^j-g. +5i olcf. a ^o^nV 

311 €(206)31 s^o] ^€ «H*>*1 ^^-i- £ 13^1 H>M€ w>^q- ^ oflp] E ^ 

^ n^(HS)o] ^1-^^14. o] ^ °- ^Ej-g}. 0.5.^ 71313 sg^CCMP; 

Chemical Mechanical Polishing) H 0 Vl ^ A >-§-^cf. 

P V— ^ 4i3S ^ ^(206)* ^7^ 

*>4. n ^4 oflDlE] ^ 5flf}(118) 3L^4- aflo]^ ^ 5fl^(204) £^ ^#€4. cf-g- 
°ll ^r^H ^1 wfl^li <3<3(112)Sl 8>^-^4 3*Hr n-^ <^ 

(104) ^3 ^°1] ^12 Hflol^i <^<*(i38)-fr <>1 *fl2 *\}°)^ ^^(138)^1 

tgo_ jq x tf\o)^ ^^(H2)^ JE^-c}- -g-^^cf. sVsg ^^oi] nj-eH a o v 7 ] yfloji ^ ^ 
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